En este trabajo consideramos una capa resistiva cilíndrica que transporta una corriente constante. Una batería genera la corriente en el centro del conductor. Estudiamos el comportamiento del potencial, campo eléctrico y cargas superficiales cerca de la batería.
INTRODUCTION
There has been recently a great interest in the electric field outside resistive conductors carrying steady currents and a number of problems have been published in the literature: coaxial cables, [14] , [8] , [13] , [1] and [2] ; cylindrical shell with azimuthal current, [12] , [10] and [16] ; planes, [13] ; twin leads, [15] and [4] ; a long strip, [9] ; and a long straight cylindrical conductor with longitudinal current, [5] . In this last case it has only been considered the region far from the battery. It was then found that the potential and surface charges vary linearly with the longitudinal component. Here we analyse the situation close to the battery in order to understand the behaviour of surface charges at a discontinuity in the potential.
We consider a hollow cylindrical shell of radius a and length with a >> . The shell has an uniform resistivity and carries a steady current I along the positive z direction which coincides with its axis. We suppose an idealized linear battery at ( ) ( ) [10] . We suppose a vacuum inside and outside the shell. Our goal is to find the potential and electric field at a < ρ and at a > ρ
given the boundary conditions above. Then we can obtain the surface charge densities at the inner and outer surfaces of the shell.
This problem can be separated in two parts: a) the electrostatic situation of a cylindrical shell separated at 0 = z by a thin insulating barrier held at 0 φ − for 0 < z and at 0 φ for 0 > z ; and b) a continuous linear potential Fig. 3 . The first part has been partially solved in [7] and the second one in [5] . Our intention is to deepen these studies in order to understand the behaviour close to the battery. 
ELECTROSTATIC SOLUTION OF THE CYLINDRICAL SHELL WITH IS TWO HALVES HELD AT CONSTANT AND OPPOSITE POTENTIALS
Suppose two semi-infinite cylindrical shells, located at 0 < z and 0 > z , see Fig. 1 
This leads to a solution for k Z of the form: 
The general solution has then the form:
where the coefficients k A and k B must be determined from the boundary conditions. Eqs. (4) and (5) can be seen as a sine Fourier transform of a function Ψ :
Calculating Eq. (6) in a = ρ and applying the boundary
The final solution can be written as (see Appendix):
In Eq. (9), n x are the zeroes of the Bessel function of order zero,
SOLUTION FOR THE CYLINDRICAL SHELL WITH STEADY CURRENT AND BATTERY
Eqs. (13) and (14) of [5] give the solution of a conducting wire with radius a , length a >> and carrying a steady current as:
The solution of the problem with the battery is the sum of Eqs. (8) and (11) for the region inside the shell, and the sum of Eqs. (10) and (12) for the region outside the shell, namely: . This is a plot of Eqs. (13) and (14) 
The surface charge distribution ( ) z a , ,ϕ σ can be found by applying Gauss' law and choosing a gaussian surface surrounding a small piece of the conductor surface. In the limit of an infinitesimal surface this yields the internal and external densities of surface charge as given by, respectively (where 
DISCUSSION
Jefimenko and Heald considered a similar geometry (resistive cylindrical shell of radius a coaxial with the z axis) but carrying a steady azimuthal current, [18] , [10] and [16] . A line battery located at
They found equal internal and external surface charge densities given by: . This indicates that α should be exactly equal to 1 , as expected.
We can also approximate the summation of Eq. (18) A similar result can be obtained by approximating the integrals that appear in Eqs. (17) and (18) 
Analogously for Eq. (18), the approximation of the integral yields: (28) and (29) show that the surface charges diverge in the vicinity of the battery as z a when 0 → z . Additionally, in the vicinity of the battery the electrostatic contribution is greater than the terms that maintain the current flow. This implies that the situations with and without current have little difference in the surface charge distribution, although they correspond to different phenomena, as had already been observed by Jackson, [11] .
The total surface charges for the symmetric case (we have neglected border effects), we found that the surface charges are null at the extremities of the cylindrical shell. This can be interpreted as follows: if we bend the wire, so that the extremities at 2 e ± = z touch each other, the surface charges at that position should be null. This is very reasonable.
APPENDIX
Calculation of the integral of Eq. (8) . As it is an even function of k it can be written as: 
, for β α i k + = (α and β being real numbers), the integral converges for 0 > z β . We choose a contour of the type shown in Fig. 6 for 0 > z . The contour integral can thus be divided in three parts: along the real k axis, along the path r C and along the path 
